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ABSTRACT 

We report stellar parameters for late-K and M-type planet-candidate host stars announced by the 
Kepler Mission. We obtained medium-resolution, K-band spectra of 84 cool (T e g < 4400 K) Kepler 
Objects of Interest (KOIs) from Borucki ct al. We identified one object as a giant (KOI 977); for the 
remaining dwarfs, we measured effective temperatures (T e g) and metallicities [M/H] using the -fT-band 
spectral indices of Rojas-Ayala et al. We determine the masses (M*) and radii (i?*) of the cool KOIs by 
interpolation onto the Dartmouth evolutionary isochrones. The resultant stellar radii are significantly 
less than the values reported in the Kepler Input Catalogue and, by construction, correlate better 
with T c ff. Applying the published KOI transit parameters to our stellar radius measurements, we 
report new physical radii for the planet candidates. Recalculating the equilibrium temperatures of 
the planet-candidates assuming Earth's albedo and re-radiation fraction, we find that 3 of the planet- 
candidates are terrestrial-sized with orbital semi-major axes that lie within the habitable zones of 
their host stars (KOI 463.01, KOI 812.03 and KOI 854.01). The stellar parameters presented in this 
letter serve as a resource for prioritization of future follow-up efforts to validate and characterize the 
cool KOI planet candidates. 

Subject headings: Planetary Systems — Stars: fundamental parameters — Stars: abundances — Stars: 
late-type — Stars: low-mass 



1. INTRODUCTION 

Estimating physical parameters of stars which host ex- 
oplanets is crucial for estimating the physical parameters 
of the exoplanets themselves. The wealth of detailed 
observations of the Sun has enabled precise calibration 
of stellar evolution models for Sun-like stars, such that 
the determination of fundamental stellar physical param- 
eters (mass, effective temperature, luminosity, radius) 
from observed col ors and spectra is routine and gen- 
erally robust (e.g iKuruczl 119911: iNordstrom et all 120041: 
IValenti fc Fischerll2005t) 

For cool dwarfs (T eff < 4400 K, M < 0.5 M Q ), how- 
ever, the situation is more complex. Low-mass stellar 
models are not as well calibrated, and their predictions 
differ substantially depending on assumptions such as the 
mixing length parameter. There are few M dwarfs that 
are bright enough and nearby enough fo r direct accurate 
paral l ax and radius mea surements (e.g. IScgransa n et al.1 
2003: iBergeret all [2001 . Eclipsing binaries have been 
the primary source of radii for M dwarfs, but there is 
a discrepancy between obser ved radii and prediction s 
from stellar evolution models ()Ribasll2006l : lTorresll20iTI) . 
The rapid rotation of these close binary systems may 
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be responsible for the discrepancy; however magneto- 
hydrodynamic effects may supress convection in their in- 
teriors, so these radii may not be representativ e of field 
objects (|Chabrier et al.l 120071: iKraus et al.ll201lD . 

Recently, M dwarfs have received increased atten- 
tion in both tr ansit and radial velocity s earches for 
exopla n ets (e.g. iCharbonneau et al.l l2009t IBean et al 
2010ri I Johnson et all 120101: iMahadevan et all 1201 
Muirhead et al.l 120111 : iBonfils et all 1201 ID. and exo 
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planet characteriza t ion efforts (e.g. IBean et al.l 12010a! : 
iDesert et all 120111: iCroll et all |2jHl|), thanks to the 
higher detectability and cha racterization signals from 
orbit ing low-mass exoplanets (|Nutzman fc Charbonneaul 
12008( 1. In February of 2011 the Kepler Mission an- 
nounced 997 objects whose light curves are consistent 
with the presence of transiting planets (jBorucki et all 
120111 ). 74 of these Kepler Objects of Interest (KOIs) 
have T eff < 4400 K in the Kepler Inpu t Catalog (KIC; 

iBatalha et ail 120101: iBrown et all 1201 ID A statistical 

analysis of the KOIs bv iHoward et al.l (|2011f) reveals a 
substantial rise in the frequency of short-period, 2-4 R ffi 
planets with decreasing T c s of their host stars, imply- 
ing that the low-mass planet candidates detected around 
low-mass stars represent a ubiquitous population of plan- 
ets in the Galaxy. 

Stellar parameters in the KIC were inferred from a pho- 
tome tric survey of s tars i n the Kepler ficld-of-view. How- 
ever, [Brown ct "aTI ([201 If ) state that the KIC stellar pa- 
rameters are reliable for Sun-like stars, but are "untrust- 
worthy" for stars with T e ff less than 3750 K . The most 
reliable estiamtes of M dwarf masses and radii are derived 
by combining measured stellar luminosities with rel iable 
mass-luminosity relations (e.g. |E)clfosse et al. 2000j) and 
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mass-radius relations predicted by stellar evolutionary 
models (e.g. Bar affe et al.lll998l ). often with corrections 
to account for di screpancies b etween measured and pre- 
dicted radii (e.g. [Tprrcs 2007). Unfortunately, the low- 
mass KOIs do not have parallax measurements, which 
are necessary to estimate stellar luminosity and hence 
mass and radius with these methods. 

Near-infrared spectroscopy offers a more robust 
method for determining physical parameters for low- 
mass stars that lack parallax measurements. The K- 
band (2.0 to 2.4 ym) contains several useful spectral di- 
agnostics inc l uding continuum regions sensitive to T c ff 
(|Covev et al.l 120101 ) and absor ption features that are 
sensi tive to stellar metallicity ()Roias-Avala et all 120101 
12012ft . with minimal sensitivity to interstellar reddening. 

In this letter we report T e g and [M/H] measurements of 
84 low-mass KOIs using if-band spectroscopy. We inter- 
polated r s ff and [M/H] onto the Dartmouth evolu tionary 
isochrones (potter et alj|2008t iFeiden et al.ll2011[) . which 
reproduce measurements from optical long-baseline in- 
terferometry (OLBI) relatively well (see Figure [2]) and 
contain a large spread of metallicity grid-points, as re- 
quired for reliable interpolation of stellar parameters. 
We report interpolated stellar masses and radii of the 
low-mass KOIs, and recalculate the planetary parameter s 
based on the transit parameters in lBorucki et al.l (|201lD . 

2. OBSERVATIONAL CLASSIFICATION 

2.1. Observations 

Observations were carried out with the TripleSpec 
Spectrograph at the Palomar Observatory 200-inch Hale 
Telescope. TripleSpec is a near-infrared slit-spectrograph 
covering 1.0 to 2.5 iim simu ltaneously with a resolution 
of 2700 (|Herter et al.l 120081 ). Two positions on the slit, 
A and B, were used for each target, and exposures were 
taken in an ABBA pattern with 60 second integration 
times at each position. Multiple ABBA sets were taken 
and combined until each spectrum had a median per- 
channel signal-to-noise of at least 60. 

For telluric calibration we used SIMBAD to identify a 
grid of A0V stars in the Kepler field-of-view, and devel- 
oped an observing sequence such that each KOI obser- 
vation has a corresponding A0V star observation taken 
within 40 minutes and with an airmass difference less 
than 0.1. 

2.2. Target Selection 

We observed all of the KOIs with KIC-ascribed effec- 
tive temperatures less than 4400 K over 7 nights in June 
of 2011. Of the 74 KOIs, 4 appeared to be double ob- 
jects in the TripleSpec slit viewer with separations of less 
than 6 arcseconds (roughly the size of the Kepler Space- 
craft's point spread function): KOI 326, KOI 641, KOI 
249 and KOI 51. KOI 667 consisted of 5 objects within 
a 6 arcsecond radius. These objects are not included in 
this survey. 

In August of 2011 we observed 15 additional KOIs with 
KIC-ascribed T c s greater than 4400 K, but with colors 
indicative of low-mass stars: (J — K) > 0.7, (r — i) > 0.3, 
or (g — r) > 1.0. We include 13 of these KOIs in this 
letter, as their spectra revealed CO features indicative of 
low-mass stars. In total, we obtained spectra of 82 KOIs. 

2.3. Data Reduction 
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FlG. 1. — Palomar-TriplcSpcc X-band spectra of cool KOIs (black) 
with comparis on KHM spectral type standards from th e IRTF Spectral 
Library (gray, Cushing et al. 2005; Ravncr et al. 2009). The templates 
arc adjusted to the same scale as the KOI spectra using a ratio of the 
median flux in K band, and then artificially offset. We used the H2O- 
K2 index to compute T c ff , which is calculated using regions dominated 
by water opacity, and we used the equi valent widths of the Na I doublet 
and Ca I triplet to measure [M/H] (Rojas-Ayala et al. 2012). Top: 
KOI 961 is an example of a meta l-poor star with little Na I and Ca I 
absorption (Muirhcad et al. 2012). Middle: KOI 256 is an example of a 
metal-rich star with deep Na I and Ca I absorption. The metallicities 
[M/H] are included, with uncertainties accounting for both random 
and systematic errors. Bottom: KOI 977 has a spectrum indicative 
of a giant with deep CO features but relatively weak Na I and Ca I 
absorption. 



The spectra were extracted using a version of the Spex- 
tool progr am modified for the P alomar TripleSpec Spec- 
trograph (jCushing et al.l 12004 ; M. Cushing, private 
communication 2011). Spextool accepts data in ABBA 
format. The xtellcor package within Spextool accepts 
spectra of AO stars and compares them to a model spec- 
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trum of Vega to identify an d remove telluric a bsorption 
lines in a target spectrum (|Vacca et al.l l2003h . Figure 
Q] plots three example spectra, with templates of simi- 
lar spectra type and relevant spectral features indicated. 
The templates are taken from the IRTF S pectral Library 
(|Cushing et alJl2005l iRavner et al.ll2009f ). 

One star in our sample has a K-band spectrum consis- 
tent with a giant star, suggesting that the observed light 
curve is due to a stellar, rather than planetary, compan- 
ion, or that the transit signal is due to an unresolved 
blend with an eclipsing binary. KOI 977 shows weak Na 
I and Ca I absorption and strong CO absorption, which 
qualitatively match IRTF template spectra of giant stars 
but not dwarf stars of the same spectral type. The spec- 
trum is included in Figure [1] with a giant and dwarf 
template for comparison. 

3. MEASUREMENT OF T EFF AND [M/H] 

To measure T e g and [M/H] of the remaining dwarfs, we 
measured three spectral indices from the K-band spectra: 
the equivalent widths of the Na I and Ca I lines, at 2.210 
and 2.260 /im respectively, and an index describing the 
change in flux between three 0.02 /im-wide bands dom- 
inated by water opacity-cente red at 2.245, 2.370 , 2.080 
/xm-called the H2O-K2 index. iRoias-Avala et aT] ([2012ft 
describe the measurement of the Na I and Ca I equivalent 
widths, introduce H2O-K2 index, and derive relations 
between the spectral indices and T c g, overall metallicity 
([M/H]) and KHM spectral type. 

Briefly, we note that the IRoias-Avala et all ([2012D 
[M/H] relation was calibrated empirically using nearby 
M dwarfs with F, G or K-type binar y companions that 
have SPOCS [M/H] measurements (|Valenti fc Fischer! 
2005). Metallicity measurements for stars earlier than 
M0 (T c ff > 4000 K) represent an extrapolation of the 
M dwarf [M/H] calibration. The T e g is calculated by 
interpolating the [M/H] measurement and H2O-K2 in- 
dex onto a theoretical surface of T c g versus [M/H] and 
H2O-K2 i ndex calculated to th e BT-settl late- type model 
spectra of lAllard et al.l ([20111 ). To validate the T e g mea- 
surement method, we c ompare T e g measurements by 
iRojas-Ayala et all ([20121 ) to measurements from optical 
long-baseline interferometry in Figure Panel A. 

The T c ff surface is very metallicity insensitive (< 10K 
offsets due to metallicity effects) for 3200 < T cS < 3900, 
and [M/H]< 0.3. For higher temperatures the H 2 0-K2 
index saturates, where the saturation T c g depends on 
[M/H]. For stars with H2O-K2 near the saturation, a 
slightly higher H2O-K2 index converts to a large increase 
in the measured T D g. We accommodate this by providing 
asymmetric uncertainty estimates in T c g using a Monte 
Carlo approach described in Section[5j KOI 904 and KOI 
956 had H2O-K2 outside of the calculated surface, and 
are therefore not included in our results. 

4. DETERMINATION OF MASS AND RADIUS 

We place the low-mass KOIs on a grid of physical pa- 
ra meters based on the Dartmouth stellar evolution mod- 
els ([Potter et al.ll2008t iFteiden et al.ll201lD . These models 
are in generally good agreement with OLBI observations 
(see Figure [5]) , but there may well be systematic offsets 
in mass, radius or effective temperature, so these inferred 
physical parameters should be used with caution. We do 
not use the BCAH evolution models, as they are only 
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Fig. 2. — Predicted Ft* versu s T e fj for the 5-G yr isochrones 
of Padova ( Girardi ct al. 2002), Da rtmouth (e.g. IDotter et alj 
12001: iF cidcn ct at 201111 . Yonsei-Yale l|Yi et al.H2003T ). and BCAH 
ffiaraffe et al.l U99Sir ~for metallicities between [M/H] = -0.5 
(dashed lines) and [M/H] = 0.0 (solid lines). We include em- 
pirical measurements of R* and T ef j for low-mass field stars us- 
ing optical long-baseli ne interferometry (OLBI), with values taken 
from the literature ||Berger_et_al. 2006: van Belle & vo n Braunl 
[20091: iBovaiian et al1l200SI: ILane et alJ 120011: IDemorv et alj 12009 : 
ISegransan et al. 2003; Kcrv elTaet al.H200a : lvon Braun et al.ll201lT ). 
The Yonsei-Yale and Padova isochrones do not match the observa- 
tions as well as the BCAH and Dartmouth isochrones. The BCAH 
isochrones are only available in 2 metallicities: [M/H] = 0.0 and 
[M/H] = -0.5, necessitating poorly constrained interpolation and 
extrapolation if used to determine stellar mass and radius. There- 
fore, we chose to interpolate our T e g and [M/H] measurements of 
the cool KOIs onto th e Dartmouth isochrone s. The OLBI mea- 
surements for GJ 205 (Scgransan ct al. 2003) do not match any 
isochrone predictions, and this is likely the result of systematic er- 
rors in the OLBI measurem ents. We note that in the latest release 
of K epler planet-candidates, Batalha ct al. (2012) confined the stel- 
lar parameters of the host stars to the Yonsei-Yale isochrones. This 
will produce systematically larger radii for the low-mass stars than 
is evidenced by long-baseline interferometry. 



available in two metallicities, [M/H] = 0.0 and [M/H] = 
-0.5, and a comprehensive metallicity grid is required for 
reliable interpolation of our measurements. 

All but one of the stars in our sample are treated ho- 
mogeneously, so the relative radii, masses and tempera- 
tures should be precise, even in the presence of model- 
dependent offsets. There is no model in the Partmouth 
isochrones with the same metallicity and effective tem- 
perature as KOI 961, so this sta r is interpolated onto 
the 5-Gyr BCAH isochrones (see iMuirhead et al.l [2012L 
however, for a more detailed analysis of this star). Stel- 
lar masses and radii are calculated by interpolation of 
the main sequence of a 5-Gyr isochrone at the measured 
total metallicity and effective temperature, illustrated in 
Figure [4] The assumption of age does not significantly 
change the results. If very young ages are adopted, the 
masses and radii typically change only 0.1% between ages 
of 1 and 10 Gyr, and in all cases significantly less than 
the reported uncertainties. 

We also appl y our method to s tars w ith if -band mea- 
surements in IRoias-Avala et al.l ([2012D and radius mea- 
surements using optical-long baseline interferometry (see 
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Fig. 3. — Comparison between T e ff, i?*, and M* as measured by optical long-baseline interferometry (OLBI) or the Dclfossc ct al. (2000) 
m ass-Mjf relation (x axes) , and the methods used in this paper (y axes) for nearby stars with overlapping measu rements. Only 5 stars 
in IRpja s-Avala ct al. (2012) have empirical T e ff and R+ measurements in the literature: GJ 699, GJ 411 (both by Lane ct al. 200J]), GJ 
525 l|Berger et al.112009) , GJ 581 jvon Braun et al.|[20lll ) and GJ 205 USegransaii et alJI2003D . GJ 205 is excluded owing to its aberrant 
OLBI measurements (see Figure[2]). There are 106 stars in Roias-Ayala ct al. (2012) w ith parallaxes in the l iterature and 2MASS A*-band 
measurements, allowing for the calculation of Mk and use of the empirically calibrated Dclfossc ct al. (2000) mass-M/f relation. However, 
we only include those stars with X-band effective temperatures that are greater than 3200 K (spectral types of M4 and earlier), and we only 
include stars with parallax measurements larger than 50 mas, amounting to 56 stars. The methods for measuring low-mass star masses 
and radii employed in this letter are consistent with empirical measurements to within the calculated uncertainties. 



Figure [31 Panels B and C). We find good agreement to 
within the estimated uncertainties. 

5. ERROR ANALYSIS 

We estimate the uncertainty in the equivalent width, 
H 2 0-K2 index and [M/H] measurements due to noise 
in the spectra using Monte Carlo simulations. Spextool 
reports errors for each channel of a reduced spectrum 
assuming photon noise and read noise in the target and 
telluric calibrator exposures. For each reduced spectrum, 
we created 1000 copies, each with random noise added 
to the spectral channels based on the error reported by 
Spextool. For each of the 1000 simulations, we measure 
the Na I and Ca I equivalent widths and H2O-K2 index. 
We also calculate [M/H] and T c g, and interpolate those 
values onto the Dartmouth isochrones. The standard de- 
viations of the quantities across the simulations are taken 
as the uncertainty in those quantities for a given KOI. All 
of the resulting distributions are reasonably symmetric, 
except for the T e g measurements, for which we report 
asymetric uncertainties. 

The [M/H] and T g measurements contain additional 
uncertainty from imperfections in the calibration rela- 
tion. Possible sources of calibration errors include as- 
trophysical scatter from non-perfect correlation between 
the indices and [M/H], as well as errors in the rela- 
tion coefficients due to n oise in the calibration spectra. 
iRoias-Avala et all (|2012f ) estimated the calibration er- 
rors contribute 0.1 dex of error to [M/H] measurements, 
based on the root-mean-square residuals in the calibra- 
tion fit. We estimate a T e e calibration uncertainty of 
50 K by comparing the method to OLBI measurements 
(see Figure [3]). We include these uncertainties into the 
M+ and i?* uncertainty estimates by adding additional 
Gaussian noise into the [M/H] and T c g measurements of 
each Monte Carlo iteration with standard deviations of 
0.1 and 50 K respectively. 

A final uncertainty term arrises from the inherent ac- 
curacy of the Dartmouth evolutionary isochrones. Fig- 
ure [3J shows R+ as measured by optical long-baseline 
interferometry (OLBI) and M* as measured using the 
iDelfosse et all (|200l ' mass-Mfc- relation, versus mea- 



rr 



if) 

CO 

DC 

B 
CO 

<J 



1.0 

0.8 

0.6 

0.4 

0.2 

0.0 
1.0 

0.8 

0.6 

0.4 

0.2 

0.0 
-0.2 




♦ KIC Values 
■ This Work 



KOI 961 




0.5 



0.0 



-0.5 



-1.0 



[M/H] 



L 



4500 4000 3500 

Stellar Effective Temperature [K] 



3000 



Fig. 4. — Temperature, metallicity and radius determinations 
for the sample of low-mass KOIs. We use the _R"-band indices to 
measure T e fj and [M/H], then interpolate those values on the 5- 
Gyr D artmouth isochrones to determine ste llar mass and stellar 
radius l|Dotter et al.N200SI : iFeiden et al.1120111 ). Top: Stellar radius 
vs. T c ff. Squares with errorbars are the measurements in this 
paper and black diamonds are the values from the KIC. Bot: The 
difference between the radius determinations from the KIC and in 
this work, plotted against our T c ff measurements. We dramatically 
revise the stellar radii of the coolest KOIs. KOI 961 is cooler than 
the available grid points in the Dartmouth isochrones, so we instead 
interpolate the T e g and [M/H] onto the 5 Gyr BCAH isochrones 
Baraffc ct al. (19 93). KOI 961 is the su bject of the third paper in 
this paper series (Muirhcad ct al. 2012), wherein we use Barnard's 
Star to more accurately estimate its stellar parameters and refit 
the transit parameters. 
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surements made using the Dartmouth interpolations 
for nearby stars with overlapping measurements in 
(jRoias-Avala et all I2012D . We see no evidence for sys- 
tematic offsets in the Dartmouth interpolations; never- 
theless, we add in quadrature an additional uncertainty 
corresponding to 10% of the interpolated and to 
the Monte Carlo uncertainties based on the residual dif- 
ferences. 

6. RESULTS AND DISCUSSION 

Table 1 lists the KOI planet candidates and our mea- 
surements of their host star paramaters: spectral type, 
effective temperature, metallicity, and mass and radius, 
with corresponding uncertainty estimates. We also in- 
clude our estimate of the the planet candidate radii, cal- 
cu lated by apply i ng the Rp/R+ measurements reported 
in IBorucki et al.l (|2011[) to our measurements of i?* . It 
should be noted that the appropriate limb-darkening co- 
efficient could change as a result of the stellar classifi- 
cation, requiring a more sophisticated calculation of the 
new planet-candidate radii than in this letter. 

Figure [4] plots the effective temperatures, metallicities, 
masses and radii from our analysis as well as the values 
in the KIC. Our stellar radii are systematically lower 
than the values reported in the KIC and, by construction, 
have better agreement with T c g . The smaller stellar radii 
imply smaller planet-candidate radii, and many of the 
revised planet-candidate radii are smaller than 1 Earth 
radius. 

The effective temperatures, radii and masses of 
the KOIs imply different planet-candidate equilibrium 
temperature estimates, such that 3 planet-candidates 
are terrestrial-sized and have equilibrium temperatures 



which may permit liquid water to reside on the planet 
surface, assuming Earth-like albedos and re-radiation 
fractions. We find that KOIs 463.01, 812.03, and 854.01 
are less than 2 R$ in size with equilibrium temperatures 
between 215 K and 2 75 K: rough limits to the habitable 
zone as calculated bv lKasting et al.l (|1993f ). Whether liq- 
uid water can persist on the surfaces of terrestrial planets 
orbiting low-mass stars depends strongly on the individ- 
ual evolution and atmospheric peculiarities of each sys- 
tem, but these KOIs are nevertheless compelling targets 

for future followup w ork. 

A recent paper by iGaidos et al.l (|2012l) compares the 
statistics from th e M2K M-dwarf Doppler survey (e.g. 
IApps et all 120101) with the Kepler results. They found 
inconsistencies which could be explained if many of the 
KOI stellar radii were underestimated, a result which 
is contradictory to our findings. However, the KIC T e g 
used to compare the M2K and Kepler samples differ from 
our measurements, and the two samples may have differ- 
ent metallicity distributions. 
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± 
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0. 
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± 
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± 
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1 
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.77 
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± 
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± 


3.34e-03 


1 
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.17 
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± 
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± 
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1 


.31 
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.39 
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± 


4.2e-04 
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0. 


.47 


± 
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.02188 


± 
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1 
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± 
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0.58 
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.56 


± 
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± 
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1 
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± 
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-0.02 ± 0.10 
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0. 
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± 
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± 
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1 
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± 
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0.51 
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± 
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± 


1.12e-03 


1 
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± 





.38 
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± 
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± 


4.26e-03 


1 


.22 
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± 
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0. 
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0. 
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± 
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± 
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± 
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± 
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0. 
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465 
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± 
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± 
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0. 


56 
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0. 
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± 
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± 
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± 
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0. 


51 
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0. 


49 
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.06 
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1 

± 


3.24e-03 


2 
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± 


1 
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± 


3.3e-02 
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-0.10 


± 
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M1V 


0. 
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0. 
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± 


0. 
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± 


4.43e-03 


1 
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± 


1 


.76 
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812.01 
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± 


2.8e-02 
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± 


0.12 


MOV 


0. 
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1.57e-03 
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1 
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± 
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M1V 


0. 


54 


4^ 
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0. 


51 


4^ 


0. 
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1 
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.24 
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0.040 


± 


2.1e-02 
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0.19 


± 


0.12 


M1V 


0. 


54 


± 





.07 


0. 


.52 


± 


0. 
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.06455 


± 


2.56e-03 


2 
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± 


1 


.22 
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± 
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± 
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0. 
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± 


0. 
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.57 
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± 
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± 
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± 


3.84e-03 


1 
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± 





.29 
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4.2209358 ± 2.7e-05 


0.044 


± 


3.4e-04 
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± 


0.13 


MOV 


0. 


.55 


± 
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.52 


± 
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± 


2.32e-03 


2 
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± 





.13 
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± 
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± 
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0. 
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0. 
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± 


0. 
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± 
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1 
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1 
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12.0395698 ± 3.4e-04 
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± 
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± 
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± 
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886.01 
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± 
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± 
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M1V 


0. 
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± 
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± 


0. 


06 


0. 
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± 


2.46e-03 


1 
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± 


2 


.07 
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898.01 
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± 


3.7e-02 
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-0.15 


± 


0.11 


MOV 


0. 


54 


± 





.07 


0. 
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± 


0. 
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± 


2.84e-03 


2 
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2 


.13 
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± 
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1 
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± 
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Q 
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± 
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I 


94 


± 


2 


35 


362 
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± 
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± 
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± 
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± 
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1 


66 
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± 
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± 
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0. 
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± 
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u 
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± 


0. 
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± 
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± 
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± 


6.6e-04 
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± 


0.12 


MOV 


0. 
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± 





.07 


0. 
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0. 
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± 


1.34e-02 


4 
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± 





.62 
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± 
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± 


0.11 


MOV 


0. 


61 


± 
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.59 


± 


0. 
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± 


4.33e-03 


2 


,40 


± 


2 
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0.044 


± 


4.6e-04 
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± 
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M2V 


0. 


.46 


± 
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0. 


11 


± 


0. 
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± 


2.77e-03 


2 
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± 
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± 
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± 


5.70e-04 


1 
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± 





.55 


887 
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± 
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± 


0.11 


M1V 


0. 


.49 


± 
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0. 
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± 


0. 
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± 
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2 
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0.037 


± 
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M1V 


0. 
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.07 
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.65 
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± 
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± 
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2 
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± 
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± 
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1 
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± 
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± 
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0. 
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± 





.02 


0. 
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± 


0. 


.02 
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± 
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± 
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± 


8. le-04 
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± 


2.80e-04 


3 


.38 


± 
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± 


2.3e-01 
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± 


7.30e-04 


2 


.44 


± 


1 


.02 
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± 
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± 


0.11 


MOV 


0. 
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± 
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0. 
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± 


0. 
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± 
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1 
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± 
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± 
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± 


0.10 


M1V 


0. 
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± 
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51 


± 
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± 


1.20e-02 


1 
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± 
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0.035 


± 


1.0e-03 
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-0.26 


± 


0.15 


M1V 


0. 


.49 


± 
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0. 


.47 


± 


0. 
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± 


1.49e-03 


1 
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± 
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-0.25 


± 
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± 
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0. 
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± 


2 
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± 
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MOV 


0. 


59 


± 
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57 
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± 


2 
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± 0.27 
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-0.07 
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0. 
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0.269 ± 
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± 
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± 
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0. 


19 
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0.10 


M1V 


0. 
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± 
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0. 
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± 
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± 
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0. 
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0. 
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1 


66e- 


-03 


8.64 


± 


1 


.82 
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MOV 
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0. 
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0. 
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0. 
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± 
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0. 
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a Metallicity measurements for stars earlier than M0 (T e ff < 4000 K) represent an extrapolation of the Rojas et al (2012) M dwarf [M/H] calibration. 

k The planetary equilibrium temperatures (T cq p) were calculated assuming an Earth-like albedo and re-radiation fraction for each planet-candidate. We do not include uncertainty estimates 
for T eq p due to the ambiguity of those assumptions. 

C There is no model in the Dartmouth isochrones with the same [M/H] and X e ff as KOI 961, so this star is interpolated onto the 5-Gyr BCAH isochrones. See Muirhead et al. (2012) for a 
more detailed analysis of this star. 



